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Abstract 



An lr-M-0 composite film has been provided that is useful in forming an electrode of a ferroelectric capacitor, 
where M includes a variety of refractory metals. The Ir combination film effectively prevents oxygen diffusion, 
and is resistant to high temperature annealing in oxygen environments. When used with an underlying 
barrier layer made from oxidizing the same variety of M transition metals, the resulting conductive barrier 
also suppresses the diffusion of Ir into any underlying Si substrates. As a result, Ir silicide products are not 
formed, which degrade the electrode interface characteristics. The Ir combination film remains conductive, 
not peeling or forming hillocks, during high temperature annealing processes, even in oxygen. The lr-M-0 
conductive electrode/barrier structures are useful in nonvolatile MFMIS (metal/ferro/metal/insulator/silicon) 
memory devices, DRAMs, capacitors, pyroelectric infrared sensors, optical displays and piezoelectric 
transducers. A method for forming an Ir-M-O composite film barrier layer with an oxidized refractory metal 



barrier layer is also provided. 
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[003 7] ±i£Xr-y7-b) {4, Ta. Ti, Nb, 
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8 0 0 7 >y h<7)®H(^aj^l^^;W-r' I r hiJ J: 

li'-y-zhJiTa. Ti. Nb. Zr, Alt5j:t;fHf 

5 : 1 iOKfflOit^iO A r - Oa TS* 0 . =5: 4>l^tME<i 
*s>2mT*»^10 0mT<?)Kffl-C*)S, *SV^{±. 

>y y yy^h P V Diiast J: -:)Tm l OS^IgSrlt 
atSCltS-^tf. 1S^y-X«^Sf{iI r. T 
a, Ti. Nb. Zr. AU Hf tiit/fJtM^DftiPkO 

-f*X^'<«y^i;i^^^aj^lK;Hil«;2^D'7-yh (k 
W) *^^>20drDV-y h (kW) T'ifeS. 
[0058] *^B^Oj).5.WffitCiJV>T . 1 <7)>'^'U T 
SfiR^UH^^JloJtatc J: oTXr vT-a ) "cm 

[00 59] 

[^BBiO^fOJgJS] Hl*»fc03{ii^«[llIKfcfci>T 

mffitLT^TftS. 01(iS1S12, S«12±t 

S>S T i O2 V T a j O5 V N b 2 Gsv-Z r 62 , A 1 - 

2O3. iJit/Hf 02*>/?>^rSP*>ji>stl?$iil.ff1sfS- 
istsfd 1 Ov'N'i; rffi 1 4*>^>^rssflttA't; r i o 

f . >f 'J i^^A^ XX/m^iltttf^ 1 1 6 {in 

1 io>'N' y r)K 1 4 ±i,zmmi-?> . n i co«-&jk i e 

[00 60] »^12{ixyay. ^M^xUay, z 
4 ti I r ffljt-r s . m 1 

<OV^'yr«14{i$«>2•:^y;<-^' (nm) *»^>10 0-t 

[0061] Mm^zii. w^m$>i\>^im?mikm 

^mi4>'N'l»r®10JiI r-Ta-O, Ir-Ti- 

I r-Nb-O, Ir-Al-0. Ir-Zr-O 
fecfct/I r-Hf -0*»^>^SS*»<5SS?$nSmiW 

^g^Ml eSr^tf. mSiScO^mitJi^jS (M) . I r 

I r-M-Oc7)|ll<^^llj|I6li»10nm*>i5,5 0 



0 nmc7)|gH(7)J¥? 2 0 SrWfS . Sll 1 6*J 
J:l/mi<0AyT®14{iHKtc:, Ti, Nb, Zr, 

A 1 }5Xx/ufi}^t>^mi}^(^mmiii^mcottmi 
ig 1 iOA-u Ti 1 4{iT i ^-^tf . isi«t. m 1 

7Jil4i,-e3t'AS. mi<0lS^JSl6**Al^-ttf 
t. T i S:#tfA-yrJi l 44JitfTa<7)a^ 

mi6t\,^o^x'hh. 

[0062] m2ii-^j^t Lxm 1 <o^mtt>'N'y re 

1 0S:-^tJSIi^*4fA'A-v:J'4 02rS^-t. 

i^m42±izhi, ^mM<^s>immtzi5\>\x. 

fli4 4 am 1 <0a^lS<?)TlS5«ffi 1 6 |SItR<0tJ1SfT*> 

I.. ^0«i»i{'^3V^■C. ^^«5|i4 2{i±gpmflg4 4 

iirrgpmffi 1 6 1 coriitm<tc7)ts*^, 3^ 5 v^ji^n 

SiJAR. iii:X/:^^m<0im<7)mmizii^\x. 

[0063] z-tit^ffimmmFu i s (^js/^ssm 

;<^y, DRAM. ^^AV^. -feyif-. T^-fXTU 
^fcJ:t^MlTTy^r-i^gyt-t5{tl>v-y3y, ^ 

fe^j^yny. hh\^\tzmt^^mm±t,z. #m 

[ 0 0 6 4 ] 03{iy- h^f!(c^^-f I.A'y Tfflji 1 
01:^1-. *^J<OS>S^Htfcl<^-C, »^12*>Vy 
nViO^, flBil Ott§/5>fc»<Rl 2t5j:tX^l<^A' 

y TJf 1 4 1 «7)istfflASiTJti:K<kir^ ^15 0^-^ 
tf. rig-ft^-^^«5 0{itte[i 2fcj:t/^a$n^^ 
M^>'y r 1 4 v^ti 1 6 1 (Ti^m^^m-h . 

[006 5] JtWEfiOI r-M-Offil 6ttl^»^ 

3 0^. OzSH^+S 0 O'C*^^) 9 0 O'CT-ife^f^iO 

^m^\i(iOO'C<rymmiZi:'^X'S.^th. hh\.^ 

[0066] :»f»mm^X'm^ixm^ r/j {i I r 
/Ta*»Ta|R±tc&|, I rMoJit'*^ J; die. iiO 

[0067] m4\mmm^^-^f^i^i'i,zmmti,xo 

iz. iga-CS^^r«mtt<^A'y7c7)j^^:^&^txr 
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ssfflgsrStt^i.. mma-vay^ ^^^ui^v^y. 

X m^tt) . Xr-yri 0 0a{i;^r>yri0 0<D 

•yT-lOOaJi. v-U a>a^<7)ffiffl. fcJ:tJf^5 A** 
A> 2 0 0 AcoaSHOJf § ?r*-r S 'J a >S«Lh{cZK 

k<7)ms(Z'hh, zmt-y^mmfizi^-yx. mfmis 

t *^Sg{c5rS . f^xr -yr 1 0 0 a.ru^x\i 

[0 0 681 XT' yri 0 2Ji. S«J:CftSTl 

O2, TajOj, NbzOg. ZrOj. AljOafeit^H 

rm'^WL'th. XT'yri0 2«CVD. PVDfci 
||liO>'N'i;TflcO«iaS:-^tf. PVDTn-fexJidcX 

:^rs-^trtM?$iia. ifwrniihrnm^zawx . x 

r -yr 1 0 2 ^It;^^^^ 1 ^O^'U TJicOitm^-^tf . 
X-f-y n 0 2{iai7t, *!;2nm*>ii>100nmcoKH 

[0069] *5%aBcr)J,|,^ffl{rt>v^T , XT-y7' 1 0 
2{iTa. Ti. Nb. Z r fcitXH f *»^>^rSaf*-^> 

hi 2 o^<oisi. *«;4 0 o'ctph 1 0 0 ox:r**. h 

>yri 0 2T'|SlB#tC (Xr-yri OOa) m^^iS. 
t) P 1 OcOSJf?-^^;^ ;^T-y7' 1 0 2f±T a. 

Ti. Nb. Zrti.tl^Hf*»ii>^rSP*><5>SS?§tLS 
^Rc0JtW5-^tf. Xf -yri 0 2{iXT-yri 0 4t 
«g<-9-y-Xr-yrS:-iftf, Xr-yT*! 04 a (0Si*r 

1 0 0 ox:x\ mim^i^ 1 2 o^p^jMi-ri,. mi 

{CXr -yri 0 4 ac7)*3iJiafcJ:-,Tl^^tC (X-f-yT* 
1 0 0 7 0 1 X-f -yr 1 0 4 {i. H 1 <OA'U TJl<0±fc 



cOS^ISi&jejjWS. Xx«yri 04{iCVD, PVD 

}5xr/MocvDi)^h^?,mti^i^miR^iii>immiz 

Xf-yri 04\iimMTffyl 0 nm*>^5 0 0 nmco 

mm^<^mi(^m-^^m^i^ti, xr-yno 

4JiIr-Ta-0, Ir-Ti-0. I r-Nb- 
Ir-Al-0. I r-Zr-OtJit/^I r-Hf 

izMixtmmhmmmmmmn^ , 

[0071] Xir»y ri 0 4 b{i»®^<03t». fcit^ 

^ 1 m^mm^<^§imt<otzi^m i <7)«^ji£7)fi 

5!MSr^O. mmit. Nj. O2. Ari3j:t/K2A»'^ 

^rSaf*»/^>Siil?$tT.I.#H^, l«;4 00'C*3it;fl00 

ox:ff)b!s^m<'mmmi. mm^h 1 2 o4i-<o 

^crmmx-^htih. t^^h-h. Xr>yri 0 2'Clt 
SISftSTa. Ti. Nb. Zr. fcSV^tiH f ifeSfi 
X-f -y ri 0 4 b OlBaaXr >y 7Tm$ ill. . 
[ 0 0 7 2 ] XA*-y ^ U yi?'*>'fifi5tiS*^, XT yr 

1 0 0{i-^(c»i. lurn-fex. i x i o-6T*>llfc 
Xx/mL<m X 1 0-7T*)l<0ffi:>]O5lS:S-^tf, 

S^Hfcfe I -i-C, Xx -y T 1 0 2 {i*!; 5 0 V 
•y h*>f)8 0 0!7-yh. A rfeit^fOzSr^tfUH^ 
T. J«>2mT*»^>l 0 0mT£7)E:i3-C'4-f y-f-^-^-'-y 
hiOXAy U V/fc J: 1 (O^^^V r«S<7)itm&* 
tf. iO^^^^^-y-yMrfflV^SJ^, aj;^V'<7kj6« 
*«»2 kW*>^> 2 0 WWComSXh?>. 
[007 3] *^B^C0$)2.^fflti5V^t. Xf -yTlO 
4{iPV-Dtft«atc-J:--&-^l-<oa^ffii«o*S»$-^tr. fp 
l<\i. d c PlBtX^-t >y U y ^-C'{iSlJfli<0 I r ^'-y 
>yhfcJ:t^^Ja:J'-y<y hSrffiffl-ri.. xy\--y ^' U y:?^ 
: 5*>^>5 : 1 <OKH<OJt^TA r - Oz^fflSv 
*TlT*)tl2.. ff^j{i*«72mT*>^> 1 OOmTX'^^tt 

h. mco I r ^'-y-y }'iixx/±mim:}'-yy h 

i, Nb. Zr, All3j:t;fHf*»ii>^:5P*»^S^S 

[0 0 74] S^>t. Xf yri 0 4«i|?;5 0»7<y hA» 
<580 0'7-y h<0lEIB<OE^JTS(lffli«0I r<?34>f Vf-;? 
-y' y ViiXXf-tm<r)A^ y^i'-y-y hc7)d c|5|^X 
A-.y^J'Uy/Sr^tf. :^S:J'-y>y hJi. Ta. Ti. 
Nb. Zr. AlfeJ:yrHf*>^.^r48f*>/?>aiRS*l 

h>mix. -^-Yyh *<»mtt*r^o:*^ji d c xa- 
•y 'J ^'-y-y ho 1 ':>ifimmMm 

xhl^MRFXf-^yi^^jyytim^^ixh. A^y 

f^-y>vVfizmLx. }3i^-nv^vmm^ixh. 

9-y-yhimtl^. Xr>yri0 2*5j:t^Xr 

«y r 1 0 4 fioxA-»y ^ u yy^i]\im2 kwip^ 20k 
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1 T^r-fey^^- h/ptcot *!> 1 0 5 u ry^rti*h i 

0 0 5 UTy^.roffiHc^mSJ^ISfc LT^^ilS . 
[0075] ftSV^Ii. Ar77'104{4, I r. T 
a. Ti. Nb. Zr. H f *JJ:t^±"C3*^)tWgMM 

9 0 yy^im LtzP V D Jta^tc J; am i (7)^-^m 

[0 0 7 61 2|E!fi|BJ<i5*§^ffifct5V^T. Ar-yriO 
0a{i:;^T-yri 0 2{Cfettl>Ta, Ti. Nb. Z 

•i-tf . ^^■r 7 n 0 0 a {4BiM4^JlO«5^!raxf •/ 7* 
t'lSl^tC^tS. hh\^\i. TiOj. TazOg, Nbj 
Ob. ZrOj. A 1 iOstJitXHf 02A>/i,^r4P3&>^> 

|3imc:^T-yri OOatfcttSS ia^oK^b-f 
[ 0 0 7 7 ] 0 5 li:*l|B^«?)»«ttA*U r« i (OSMS 

u-^^-hX'hh. ;^x-yr2O0*»^>;?.7--yr2 0 

4{4. 04 mr-yT* 1 0 0*»/5Xr'yTl 0 4 fc*fl5 
-ta, :^r-y7-2 0 6{4micOlS^jmitcS)i.^^mf* 
#1BfSrttl«^S. ;?.T-yT2 0 8«3Si^«*(^^±C$, 

mw&fTi^Wki.wmmmh, XTvr2 1 c 

I.. ±a5m«WSl<oa-^lR<OJ:a'5rI r-M-0 
•CJ)5Ji^. S'c>^rS;^x>yr*^';^x>yr2 0 8t«g 
<. XT»/r2 0 9 OSr^t-f) {i9^1|$03(#fcJ:tX 

=5rSSP*>^>SiR?tiSI?H^T. *«)4 0 0°CiiJ:l^l O 

0 o'ct<rM(omm('mmmL. m^t, 120^ 

[ 0 0 7 8 ] 0 6 <4ilJi!iam<0*%H3«fflitO^am 
^PM^(SEM) fcJ:4Bfiii0-C*S. Ir-Ta- 

O/Ta-TazOs/S iOjfiljitiiBOOt:. 90:8- 

«>t;?K&^-t. $4>tc. a^lSJ4i^2 5^J--A/;^^ 
[0079] miti I r -M-oa-g-|i8*«3S^«£jf ^ 



mLUzm^m^^v7m<DTmx'mm^ixhm 
I rmmim-t^. ^co^^t lx. mmmm 

ms>^xt»m!mrx:i^x<m. mmi5Xx/tx:> 

JS^^ft^Ji^ftv-Uny (MFMI S) c7)J:3'5r 
W^^^U. DRAM. ^■v>'N-i^:S'. flE«tt*i1-ii 

i^T. ii^Tifes, I rm^mmffimsmit 

mil,z}3\yX^X'S>^, mUf. u^yVX'yXifa) 

m^Kiii\.^xm^ixmm<r>xoti:fSiS^^'smm 

[0080] 

^^f-^i^^cnmm^m^z-mx'hib Lxm^fi 
h. I r^'^mimkmzim<om.m^. tn^mz 
'^msiA»''(i(rmm^\zn'Lxwsch^m-. n 

^mttSrWL. |iJ)i4,L<{4hD-y^<7)je^*<^v>. I 
r -M-^OIimttW^A''; Ti|8jSe:":i^l^M F"M 

I s {^/wmfk^/-m/mtf^/i/')riy) 

'Jt>'nM^. dram. ^W&M\-W<^V 

hh, WkXfzm^-m)^')rm^-M^h i r-M- 

[01 ] m\\ismmmzii\.\xm^t>fih. -mx:^ 
'ri.tsmm&.m 7m<^m^x^ -y r^^-r. 

[02] 02(4«ailIg&tfeV^-CfflV^^,ni.. ^ST-S 

[03] ms^immmzuK^xm^^^tih. jsa-cgf 
^^:»«ttA- 1; rmm^xT -y r srs^-r . 

[04 ] 04{±aiiSS*^-v>NV:J'i: L-CfflV^i^nSi 

^=5:. -mx'$i^jM'm!nf'^')rmmmi^x 

[05] 05{4*^B^(O»mttAUr I r^t-^IS^rffiffl 

•rh^mm^^^f^'^9<m^iTT^x'f^vr<r>yn- 

[06] 06(i:*^H3<7)StJjiaf^fl|jt<^^|ES^:pgjj^ 

M (SEM) ^zi,mmmxhh. 
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10 ««ttAurJi 

12 ms. 

14 mi<0AU7l 

16 mi<om^m 

18 lli(?5Ai;rJi<oi|£§ 



2 0 mi<r>m-^mm^ 

4 0 3SKm*^-v>''?y:J' 
4 2 

4 4 ±&wm 

5 0 zMit^^ma 
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2Q 



~1 
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